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NATIO}[AL ADVISORY CO_41TTEE POP_ AERONAUTiCI%

_(E}4OPANDUF REPORT

for the

Bureau of Aeronautics, Ns_y Department

A}[ iI_'EST!GATION OF THE F_NGER V-770-8 E}[GI}_E

~ " _ T,INSTALL%T!ON FOR TH_E EDO XOSE-L AiRPLA_,E

II - AERODY_4A}fl CZ

By _[ark P. }_icho!s and John $. Dennard

SU]_ZfARY

An investigation has. been conducted in the LE{ngley

p.vopeller-research tunnel to determine the cowling and

cooling requirements of the Ranger v-770-8 engine instal-

lation for the Edo XOSE-I airplane. The present report

summarizes the aerodynamlc data obtained in the testing.

ExtGnsive model changes including alternate baffles,

exhaust stacks, coollng-air exits, and oil-cooler ducts

were tested in attempts to increase the cooling capacity

of the cowling and to reduce th_ drag. Final cov;l con-

flgurat!ons DOSSOSsed sufficient engine and oil-cooler

pressure drops in the critical normal-_;ower climb condi-

tion to cool the cylinders end the oil belo_ the specified

tem_eratur_ limits with any of the three baffle conflgura-

tions tested. Drag clean-up tests :__ndlcated minor chai_s

which will result at sea level in apcroxlmate increases
of 5 miles per hour in high __°_d,_ 5_ feet per r_inute in

rate of climb, and 7 percent in msz!m_.u_ ra_e. The indi-

cated critical _qach mnv_ber of the cowling was found to

be 0.70 as @etermlned by the pressures on the lo_Ter lip
of the inlet.

Pressure data are presented for wide ranges of exit
area, m_gle of attack, and thrust dlsk-loadlng coefficient.

Sample applications of the data to the estimation of the

required exit area are shown.
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IN TR0DUCTI ON
V

At the request of the Bureau of Aeronautics, Navy
Department, an investigation of the aerodynamic and

cooling characteristics of the Ranger V-770--8 engine
_nstallation for the Y_do XOSL-I airplane has been con-

ducted in the Langley propeller-research tunnel. The

objects of +_e investigation _:ere (1) to determine the

cooling characteristics and requirements of the engine,
(2) to determine the aerod_nlam_c characteristics of the

cowling, and (3) to develop a cowling w_th adequate

coollng-pressure drop and low drag° The present report,
part II, summarizes air flow, pressure, and force data

obtained in tests of a number of model configurations;

part I_ reference lp presents corresponding temperature
data and engine cooling correlations.

The Eoo XOSE-I airplane is a single-engine scout-

observation seaplane with a normal gross weight of

5200 pounds, _ wing area of 2_ ° square feet, and a wing

span of 38 feet. As estimated by the manufacturer, the

high speed of this airplane at sea level with military
Dower is 192 miles per hour a_d the rate of climb at

this altitude and power is I_60 feet per minute at a

climbing speed of i0_ miles per hour. Because of these

low f!_ght speeds, soec_al emphasis has been directed

toward the redu_ at_on of the _:resqure drops required to
cool and increasing the presst_re drops available.

Tine wind-tunnel investigation included propeller-
removed and propeller-o?ersting _easurements to determine

drag and cooling-air-flow characteristics. Changes to

the original configuration included alternate baffles,
exhaust stacks, cooling-air exlts, and modifications to

the oil-cooler ducts. For the more promising configura-
tions, extensive pressure surveys were made in the

internal flow and on the external cowl surface over wide

ranges of cooling-exit area, angle of attack, and thrust
disk-!osding coefficient.

The flow-resistance characteristics of the engine,

the oil cooler, the cowl leakage srea_ the generator,

and the generator blast tube were determined from gro_md-
stand calibration tests.
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SY3JBOLS

a

A

CD

AC D

CD i

D

g

H

AH

Mo r

n

P

AP
C

AP e

q

Q

S

s_eed of sound, feet per second

cross-sectional area of duct, square feet

drag ccsffic.ient _

qo S

increment of drag coefficient

coefficient of internal drag,
_nternal drag

qo S

propeller dla_eter, 9 feet

acceleration due to gravity, 52.2 feet per second

per s econd

total pressure, pounds per square foot or inches
of water

increment of total pressure, inches of water

critical Mach number, Vcr/a

rotational speed, revolutici'_s @er second

static pressure, pounds per square foot or inches
of water

cooling-air pressure drop across oil cooler

(_ - __L_r), pounds _er square foot or inches of

water

cooling-air pressure drop across individual engine

cylinder (_ff- _r), pounds per square foot or

inches of water

dynamic pressure, pounds per square foot

volume rate of flow, cubic feet per minute

wing area, 235 square feet

T effective thrust, pounds
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T o

V

Vet

W

5

P

C

thrust 6is!.:-load!_g s_efficiert,

v_,looity, feet per second

T

free-stream veloc'ty at which local surface velocity
reaches sr_eed, of s_ou_o_', feeL_ .per second

weight rate of flow, pounds per hour or per minute

angle of attack of thrust axis, degrees

propel!er blade angle at 0.75 radius, degrees

cooling-sir flap ar..gle fro_ flush position, degrees

design ar_le of pro_el!er blade element, degrees

mass density of _ir, slugs per cubic foot

relative density of air, p/_.002_78

Subscripts:

b at front of cylinder barrels

c oil cooler

e eng,.he

f at front face of ell cooler or between fins of

c71_ nd_r he -_._ds

i at cowl in!_t

ic at inlet of oil-cooler duct

o in free stream

r at rear of oil cooler or engine

x at ooollng-_d.r exit

ooublo subscripts indicate thst b0th a_)..oly. A bar

above a syr_bol is used to dencte an arithmetic average.

v

: i?,"
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NODEL_ PO'r_]ER-PI,A_TT Ii_fSTALLA_ON,

A133 Ii/4STRUIviFNTATIO }7

5

Tlue model consisted of a complete power-Dls,nt

installation mg_nted on a mock-up of the forwerd part

of the airplane. A 15.2!-foot stub wing was fitted to

the mock-up; the tail surfaces and floats were not

installed. The general arrangement an@ principal dimen-

sions of the model are presented In figure i; general

views of the model are shown in figure 2. The various

model configurations are identified and assigned symbols
in table I. (As received, the model was in the configura-

tion designated !a.) Significant duct areas ar{ listed
in table II.

The Ranger V-770-8 engine (fig. 3) is a 12-cylinder

inverted-V-type air-cooled engine v&th a propeller gear

ratio of }:2. It has a normal power rating of 500 horse-

power at _150 rpm from sea level to 8000 feet and a

military rating of 550 horsepower at 3_00 rom from sea

level to 4500 feet. The propeller used for these tests, a

two-blade, 9-foot-diameter, constant-speed, Hamilton
Standard propeller (blade number 6101A-12), is described

in figure 4.

Sketches and photographs of the baffles tested on

the engine are presented as figures 5 and 6, respectivel_.
'The conventional baffles were installed on the outboard

side of the barrels. The turbulent-flow baffles were

installed on both sides of the heads m_d barrels and had

several turbulence strips extending fro_:_ the baffle shell

to the cylinder fins. The NACA designed baffles, installed

on the barrels only, fitted tightly against the barrel
fins over an arc of about 300 ° and had inlets alined with

the flow and diffuser-tail exits designed to reduce pres-

s<ire losses at the baffle exit. A more complete discrip-
tion of the baffles is contained in _ reference I.

Exhaust-stack details are shov_'n in figures 7

through I0. The stacks were manifolded in groups of
three except for the mocked-up individual stacks of con-

fi&_ration IVc. All stacks except those used in con-
figurations IVb, !Vd, and IVe were equipped with shrouds

intended to reduce heating of the Gngine and oil-cooler

air. Shroud cooling was effected by cooling sir which

entered at the top of the shrouds and exhausted at the
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_urfaoe of the cowl. (See fig. 9. ) External configura-
tion variables for the _anifo!ded stacks included

"vertical i' and "_,...._ al _' sht ° -_,_,L:.zont fi _il-tvoe flmme dampersj

short s_acPs, and flush stacks. The m_ck-up individual

stecks were equiop_d with horizontal fishtail fi_s:_e

dmmper_. _]_e flame dampers were not us<_cl extensively in

the Dower-on testing because of r_currlng structural

f_lure (fig. !0).

V_ews,_ of the "i_hl..._-,__ duct configuration and cooraz-_

hates of the _nlet lips are ,.7resented _.n figure 5 and

table l!!, respectively. All cooling and charge air was

taken into the tr_anlalar-shaDed main inlet. Oil-cooling
and carburetor s _,_ was _._ven ±rom the back of the i_let

section by ducts below the left cam covcr and betneen the

e_l-_a_st stacks, r_3spect!vely, The engine cooling air

was exhausted from the cylinder exits into the exit and

accessory, compartment which ,_ztended from the spin:,_<_r

bulkhead to the f_rewall and was open to the rear of

both banks of cylinders.

A specially built United Aircraft Products c_i!iptical

oil cooler, designated U-_07i}, w_s installed in the

model. (See f_s, 11.) It had 0.21-lnch-dia_cter tubes,

a face area of 7_ square inches, and a core _epth of

9 inches. Configurations of the oil-cooler duct are

shown !n figure 12. Installation varieD!as _nc!uded
:_._,.uiae van_: (S_e _'° .exit duots, exit fl:_p_, stud ....

A phota[_raph of the carburetor duct is presented
as figure lai instal ....... gure $(b): ±_ion dotai!s ar_ shown in _.,. .
The bet-air door _.n th_-_ bottom of the duct closed off the

passage to the pr_ssur_ box when opened and caused all
the carburetor air tn be take_, from the accea:sory com-

partment.

Cool]ng-a:_-e_dt details are shown in figures 15

through ]7. A i'low-directin_ vane wis used in the oil-

cooler-exit duct of configuration ic_ t_o vanes were

use_d in each of tile eng_ne-cooling-alr exits of all con-

flgu_stions except IVe; an NACA des!gn>d _fairing strip
(_o_. 17) was installed in the accessory ccmoartment

exit of configurations ia and lb.. Cooiing-a-ir shutter

and flap di:_enslons were as follows:



MR No, L5II2b 7

Cooling-
air duct

Engine

Oil

cooler

Oil

cooler

Type of emit
control

Shutter 17o56

Flap 17.75

Shutter 12.87
I

Flap I 13.31
!

J

Length

9, i.:o
ll. 74

4.25

7.3,9

Variations of the cooling-air ex_.t area with shutter or

flap opening are sho,_,,nin figure 18.

i

A l_-inch-di_meter blast tube (fig. 8(b)) was used

to supply cooling air to the generator located at the
top of the engine. Configurations were tested in v;hlch

the inlet was loc._ted at the top of the cowl inlet (fig. 19),

at the rear wall of the pressure box beneath the right

ca_ cover (fig. 8{b)), at the rear v'ali of the oressure

box above the carburetor duct, and in the oil-cooler

inlet duct just upstrea_ of the oil cooler (fig. i3).

From 3 to 5 feet of tubing and a number of bends were

required in each of the above configurations.

The eng:ine _-_anel tncorporated remote indicating

instr_m_ents and an electric actuator s._Tstem for oi?erating
the _, "_"_nolne controls and flaps. Forces were read on the siz.-

component, wind-tunnel balance system° Pressures wer_
measured by the total arJ st_-),tio tubes itemized in

t'_ble iV. Zethods and instr_Jme, ntation for obtslning

temperatures and other engine ooerat!ng data are dis-
cussed in reference I.

,.,ROUND-STA_D O!.iSGA J.2..0_', _.J.

Ground-stand flow-resistance cslibrati0ns of several

components of the instailstion ware made as a preliminary

to the analysis of the wind-tunnel test results, Experi-

mental setups are shown in figures 20 and 21. Special
instrtnuentation consisted of the calibrated venturi in

the for_.er setup and the ca_llbrated contraction co.ue
and gri,._s of total pressure tubes s.t both ends of the
blast tube of the latter setu-p.



8 NR No. L5!12b

.En_,'ine-biffle combinatioos and oil cooler.- Prooe!!er-

retrieved cooling-air-flow calibrat__ons of the three engine-

baffle com,bJnations are O resented in f_gure 22_ corre-
sponding co_psrlsons of the average pr-essure drops across

the left snd right banks are shown in figure 23 . Eff_e-

t]_ve orifice areas_ W (expressed in foot-_ound-

gv_2PAP e

second units), we-_,e about _.75, 0.65, a_.;d0.7_ square

foot for t_c conventional, turbulent-flow, and dz±fus,_r-

baffle installations, respective.l_?. TLe latter value
is for sn installation with diffuser baffles on all
cylinders

A orope!!er-removed coollng-air-f!ow calibratlon of

the oil cooler is presented as .figure 2!J. The effective

orific_ area and the ]?re_ssurG-drop coefficient

/_dP\ for the cooler were app:oximstely 0.26 square foot

and i,.O, respe._ulvel_.

It is emphasized that the above %a!ibrat_, ons are

for th,e cold condition nnly_ the p_essure drop must be

corrected for cool_ng-_:_.-_=r-densit.v_ ,__a._<__h...._'_ due to ,_._*,,_

dissip_-tion and altitude before beir_.T anplled to newer-

on oper_ti0n. Th_ neL_,essary co-"rect_ons sre discussed

extensive!7 J n references 2 through 4. Reference 4

inCicste_s that a ve_y close approval.nation of the engin,_-

cooling-air flow in alt_tuds ooeration _- , _-_.y be obtained

from a cold calibration by basing O on the density of

the cooling air just do'<nstream of the engine.

Le_.!:a_:e.- The, combined lea]<a,:-.et-::ougn the _ _ "

stack shrouds and the pressure-box sea:,_s for the oaiibra-

tion condition is p.vesented as a funct[or_, of the er,£,in,_

front pressure snd the engine pressure <_,rop in figure 2_5 .
AS a baffle pressure drop of _R inches of water, the leak-

age flo,:, is about 6000 pounds per hour or aoproximately

15 percent of the cooling-air flow t!%_@u[:h the engine.
Attention is called, to the fsct _:uat _hese data _re of

a strict!7 qualitative nature ......the e_,_rnsl surface

nressures__ the oil-.cooier_ flo,,_,:,and....the, _a_ ....._.. __'__._.flow
for the flight conditions '_.,er_'_ _......._o_ dui?iicated; the ac_,i_l.

lea_:_sge flow would probably be greater for the high-

speed condition and less fo__ the _±_mo_"_ and c,_s_'_-....._o con-
di t_ ons.
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The leakage through the co_71 seams downstream_ of the
engine (v;ith reseect to the cooling-air flo<') and frc:_:
the ga-,) bst_,,een the cowling and tie fire_sll (f'.].{_s, 16(b)
and 1'7) for the flush-flap calibration con.JLflon is sho_#n
].n fignre 26 as a funct.i on of the engine rear pressure.
A!bho_.gh th_se data are also of -a qualitative nature, they
in_tcate that the leakage v;as a l:_rge T;ercentage of t!_e
exit flow for the hi',h-sne_d J_i_]_t co_,d_tien. Th_

clearaL_ce gap between the 0o¢_! and the sp_.nner was found

to be the source of a Isr_=o,_aJ,.ou.._t_-_" _- of additional ].e,:_,:_a_e,__

of tb.e f_enerator Is presented in figure 27. The pres--

sure drop across the gener_tor is shov, a to be a, :._ore
important variable than the rota-tmnne! speed In deter_:.in!ng

the cooling-alr flaw_ the bu]]t-ln fan appears to be reis-
_J_ow q.uanbities. At the ratedtively ineffective at Isr_ge _....

__: sDee -'_of 3150 ...... '" "_ ...o_o_._m__toly

_°_ ]riches of water was suffic_snt to supply the 75 cubic
feet of ccoiLn_, air per r.Lnute'" soec.[fled b7 the _n_:.-__ns
manufacturer° V,avy soec:lfLoations (reference 5), Lowover,

arc not b-t_.sedon the nressure dro:_ but stipulate that the

ram at th_ zareratof flange shall be at least 6 inches

of water in flight at the best climb speed at sea level,

As the accessory nompartment pressure is belov, stmosoheri.c

pressure in the climb condition this requJ, rement is con-
servative,

A pressure-drop calibration of the generator blast

tube ,.s presented as f_gure 2o. Large increases in t.,-e
pressu.re losses occurred v:hen either the tube length or

_ Atthe bend an_L!e were _ncreas,:L.. the air flow _u_ed

for g._nurator coo!Lng (75 cubic feet .ee.rminute) the

loss te.ro,_.,vn a ty9_cal_ inst-_llatio_ with a .5-_r,c_
b]._._st tube-_--,_-,-o"'_ a totsl bsnd angle of 270'6 _o._._1_._-_ be
b_tv.,een 7 and _ inches of water. T?'is l_ree loss could

most easily be reduoec] in the <resent fnstal!at_on by

using a larger d.ia_eter b!_st tube,

The Jnitial portion of the tnnnel test!ng con._i...sted
_" eSof oroo_i]er-removed.... pressure and _]_-_mo..._c_stu,..,_ at a

t_nne], speed of about !O0 miles per hour c_lrec_ed to_-ard

tb.,edev_].o_)me_,t of a co,,_!ing vitn ae<_te coo_Lng r._res-
sure d.ro? and low d.rFg. Prop61].er.-inst_.lled tests of the
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best cowl arrangement were then conducted to determine
the cooling characteristics of' the several engine-b_ffle
confi_[ur_ticns _nd those of the oil-cooler (reference I),
and tDe cvsilable cooling pressur_ over the range of
flight conditions. Several final, configurations were
chec_r_ at the end of the test program.

Th_ estimated sea-level fi_ht conditions used as
ier-.L_:stsl]zd tests were as fo_i_ws;a b_sis for the oro-o_l '" _ q

Fiight Herse-
condi _i on I power

F
High s_ged:

..... " 500

i'_ili_;ary newer 550

_,!aximum- eudur_nc e-

cruise at 30.¢
._..r_eht norn._a1

D owe r

CIimb:

Normal power

}<ilitary power

155

5oo

55o

T c

(rrm) (deg) ....__ k£eg)__(ft//sec)

...............o.o57 -_.3, I o 27L

. -I. _825 i50 22 ,0621 65300 22
I

i t
I

isoo 2_ 5 1 i5 i ii _! t52
.... I " ! "-

I
I

1 5i50 !iT.5 .26 I 7.5i 158
33no 16,B 1 ._8 ! 7.51

The climb and maxim_u-enduranze-cruise condition_ were
6q,ao:_,_._,_'_ately_,,=duplicated I._n t_z_ tunnel at the oro'pe_.

s.{rspeed; _-_i]_it_.ry_power COUlL'_ net be qu.t.te attained
in most ca_es boc'a<_se of losses in _an].fold pressure

occasioned b_ the charge air mea_,ur.Lnb; venturi instal.led

in the carburetor ,=_._- (referenc_ i) The high-speed

condition was simulated at a tuJ_nel speed of I00 miles

per hour by duplicating the flight v_t]ue of Vo/nD

bla_e angle of 22 °with the flight _

TUNEEL T_ST _mTrTm_
!

The results of the tunnel tests are _resented in

sectlons which deal :_ith cowl development, internal

flow, required exit area, draz, and surface pressures.

The ty2es of 4ata presented for each model configura-

tion a!ong with the configurs_tion Idsntlficat_ons are
listed in table i.



Zodificstions to !ostallation

Preli_"Jnary :_ropeller re,o .... d pressure surveys

indicated that the available pressure drops across the

engfne, oil cooler_ and generator of the original con-

figuration (Za) would be either mt_rginal or insuffic!e, nt

for cooling !n the. normal-po._Jer climb con_.__tion. Testing

of this configuration was discor,,.t:Lnued im_.ediately and
a series of modifications to the cowling wer_ I v_ ticketed.

En_J.{-_9 and oil-cooker ducts.- A sum_ary of co_psrs -

tive da_:a pertinent to the deveioo,_ent of the engine end

oil-cooler d1_cts is presented it. table, V. The available

engine _nd oil-cooler pressure drops at c. : 7.5 and

with propeller removed were increased 0.21q o _nd 0.5_!qo,

,_- o _ _respectively, by ..ab_titutlng the i!_noed exits for the
shutter exits (Compare results for configur_tion_ le

and. fla.) For the normal-power cl_mb condition, r_,_.owtng

the e_haust-st_ck shrouds (configurations fVa an@ iVb)

increased the engine _,nd. oil_oooler pressure dro_._.sby

O.Otq o a_ O.OPqo, by reduciu_ leakage and re,prim S

obstructions from the pressure box, but also increased

the cooling-air and carburetor-sir temper_..t_res by _o F.

Tbr the s_.!.-e test cond_tion_ re_rovlng the vanes from
_ an_ sealing the aoce_,_or_-th_ eng!n¢-cool_n_-_i_ e

compartment e_It gap (configurations TVb and I]]6)

decreased, _h_ engine oressuro _o<) b%_ only O.Ol_qo bnt

increased the _-oessory-co._nartrent_ tem_eratu-_,e.,= by 15 ° __.
The flapped, exits, the e__haust-stsok shrouds, and the
unsealed acce._sory-compartment exit _7a9 were components
of the ..... _ e_,__ s iI and ser"_es _T corlfig!]ratio:ls tested
most exten_ively and for which cooling adequa._y was
est_blished. (See reference 1.)

Generstor blast tube.- C÷enerator cooling-press'are

data for four blast-tube _n!et locations are summarized

in table V!. The highest pressure recovery for the

t C --
climb-at-normal-power condition, .5_n - 5.} inches
of water, _,as obtained with the bl_st-t_lbe inlet located

at the rear wall of the pressure box abov_ the ca_buretor
.. ,_ ""-', _' ' _ inchesduct. The pressure _roo for this -,.nfi_ ....t±on,

of v_ater_ is shown by f_gure. 25 to be _ore th_-_n ,_'u__"_m_" ant

to furnish the 75 cubic feet of cooling-sir per minute

specified by the engine m_nuf_oturer,
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Internal Flow
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Extensive oressure stu.vejs ¥'ere conducted in the

ser{_es iI and series I!! conflgurab_ons, considered to

be _ost promising, to determine the available cooling

oressures nod the effects of the seversl flisht _nd
model var__ables on the internal L'!o_o

Pressure d_.stributions.- Pressures measured th<_ough .-

out basic configumatien lla arc presented _n figur_ 29

for the h__gb-sDeed an6 climb attitudes with prooeiler
re_oved. :h.._e c..:ba indic[re ezcellent ±!o_,_,into t_e

cowling with oressure recoveries in the inlet and at the
end of the diff_ser (beneath cyl_ndel_s 6R and 6!.) ne_rl¥

equal to l,Oqo. Feceveries at the f_ont of the cylinder
÷" 9 0 Qo,_ , but oorro-barrels varied be_,,_een O. lqo and ",_o,

sponeing ,oressures c_t the fr.ont of the cj_,!inder heads
were __u{_n lower due !r cart to flow obstructions pre-

sented by the ignition harness (fig. 5). Pressures

measured between the fins of the c]ylinder heads (used

as the front pressures in the deter_-dnation of the

cylinder oressure, droos) _;ere ap:_rox_imstely._ _:_,_aT..___ to
those measured in front of th_ heads° R@cov_rf_es at

rT/the face of the cil cooler -_,,ereabout _'95qo and O. iOqo

for the high-speed an_ climb attitudes, respectively.

Tyi]i,_a!r.., .orop_,l _,._._........._._ _.__.,.__,_ < _-_.;_m,_,.,_'_ sure_. (_ _g_. }0) _ho,,J.
subst_ntinl increases in __'s_mover _ -_ obtained in th_

propeller-removed t_._,t.s _t the in!_t, total pressures

reached ma_imum values of ].30qc and. 2,_qo tn the high-
speed and cli::b conditions, .respectively The _"_"_
fence of these pea__,_pressures it, the lower and rlgn_

parts of the inlet are indLc_t:ive of increased ].ca<ling

of the prooeller-blade sections in front of these regions

due_ in the former case, to the increased orooe!ler

radius and. more effective airf._;il sect.Lon an3, in the

lattc_r c_se, to the _:.tched attitude of the propei].er.
Pressure recoverles at the left-b_.nk c_lin_,ers and in

the left side of the pressure box ",.',,'erehigher than

corresoonding pressures in the ri@ht half of the cov,_ling

because of slipstream rot__tiono Pressure distributmons

at the rear of the engine, at the oil-cooler face, and.

at the oarburetor deck were nearly uniform.

The ram in the carburetor £uct v.ith both nor:..<,al.and

alternate inlets is sl-Lo_,_'n in _xgure _! ......

?:i [[
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taken in the maximum-endurance condition, indicate theft
the flo_': at the carburetor deck v_s unifor_ vdth eith:_r

7.nlet configuration; +_= _ _ o_ _h,_ ter_._te_:............. verog._ ram with _ _ al

inlet, however, was approximately 1.2qo below that with
the herr, a! inlet.

_,_ ...... pressure and p_essure-drop distributions

for model, configurations with the three typ_a of baffles

are sho_n in figures 32 and _5 for the propeller-removed

and propeller-operating conditions, r_,_._,_tivelj The

front _:ressures varied by as :-_uch as O,Sq o between
.i_o_v_d_al oylinders_ but, Qs _orevlously rioted, the rear

pressures were nesrly uniform. The lo_,,est front pressures

and conseqt_ently the sma!l_st pressure drops wer_ oon-

s!stently measured at the forward cylinders of each bank.

Suo_t::I._-_*_n_ the i_.T/_C_designed diffuser baffles for the
turbulont-f!ow baffles on the left-bank cylinders increased

the pressure drop across these cylinders and caused sub-
stantia! re_uct:;oos _n outboard barrel te_oeratures (ref-

ercnoe I), but at the s_me time csused small reductions

in th_ pressure drops across the right cylinders.

a.ned in__=,_,v_/_.duct Dre_"___._,_,- Pre_sure data obt' _

the f!igh_-simu!atio'_ tests are su_,marized in table VII.
The ra_ pressure _.n the inlet for the ii and ll!serles

config_rations a.,_r_o.._ l._O_o im the _ "_
speed cor_Jition and 2.1_lq o _n the normel-pov:er climb
condition. Pa:_s at the carburetor deck for these flight

conditions and oonflguratl, on._ (!°35qo end 2.O.!qa , respec-

tive!y) correspond to airplane critical elt__.tudes of

OqOO feet and qOOO feet based on the engine critical
altitu,_.e of cO30 fee%; _t ,,_oulJ be noted that the

engine charge-air flow v:ss not s!:uula_ed exactly for the

hi_h-sueed_.. condit_o]_ . as this sir flow is not _ro_or_,._onal_
to T_. For the mortal-power climb condltion (configura-

tio_ 7!c and Ilia), startle pr,essures in the engine and

oli-cool_r coollng-air e_its v.era abo_.t -O.!,_q o and -O.28qo;

co_.r_,s::.ond_ng engine and oil-_¢ol_r o.,_s_,urQ dro_._

averaged 1.5}!qo and lo._oq o _n¢,,_,_'eresufficient to cool

_ae engine and. the oil below tb.e _'pecifled temoerature
limits° Pressure _roos for the series IV _onfigu.rat:tons

with t!_e _ixed baffles v:ere of the same orde_ _nd w_re

li],¢ev'ise adequate for cooling in this critical fli_ht
cond_tio, n° It is noted that the __easured thrust coef-

flcients for the climb condition tests '_:ere consistently

less at mil itsry oo_,er tl_an st nor0_a! cower possibly

b,hcause of efficiency loss-_s incurred by tn,_ high _:,_h
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number end high loadlng of the propeller tips or b2 the
decrease,in Vo/nD; increasing the gear rat_o or modifying
the _roDGller might result in over_e.ll in_reases _n a_r-
plane performance at _ilitary po_,_er.

The average pressures in the engine and oil-coo!sr
ducts ar_ fresente_ in figures 3)' end 35 as functions of'
V_./Vo and c .for the propeller-re_r'o_ed tests and as a
f_,u_ction of T o for the propel!_r--instal!od tests.

Vs,riat!ons of the exit total pressure s.re omitted from

the fisures as these pressures were very nearly equal to

and coru?llcted with the presentation of the rear pres-

sures, Some of the rear pressures, iv, turn, have been

om!itted from the central oortionaof the figures for the

sake of clarity. Propeller-removed data are used as the

end points of the curves in which Tc is the independent
variable because the ",_ode! with propeller installed was
not tested at this coi;dition.

Inlet total pressures for the propeller-re:uoved con-

dition were nearl_, unity over the co,_p!ete Vl/v' o and

ranges tested. Prope!l_r ooer_tion increased these
press_.res to a much greater e_%ent then would be expected

fro:'_ coh._ .....erat_on of the simTle momentu_ theory (from

which the _ __..n±_t pressure r_se would be Tc). /_alys_s

of the 9ropelier-oper_ting conditions indicates that i,his

result was attributable to the increased loadln_ of the

propeller cuff sections caused by r,_duction of the

effective Vo/nD in the low velocity _leld in front of
the inlet.

Pressure losses between the inlet end the front of

either the en,_ine or oil-cooler (figs. _.14and 35)

increased _ppreciably between the limiting propeller-
removed test in!at velocity r.'atios of 0.4 and 0.7 end

wer,_ essentially independent of angle of attack, pro-
peller removed. Attention is called to the fact that

the s!ooes of the curves of front_ r_ar, and exit @res-

sures _ersus TO are influenced by the changes in Vi/V o

which acco_roany in.cresses in T_ es these curves ere
present-od for constant outlet cdnfigu_,atl_ons.

Static pressures _,t the re-_,r of the engine or oil
cooler and in the cowl exits generally decreased with

incr,_ases in a, propeller removed. Z_th propeller

in_tal!-_d, the exit static pressure increased with T O

with uno.efiected e_it flaps but decreased v_,ith T O

with fully extended flaps.
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The pressure losses ahead of the engine and oil
cooler are shown _n figure 36 as a function of inlet-
velocity rat_o. The cont._n_ity of the curves for the
pro_eller-removpd and propeller-installed con,Jltions
indicates t,_.a_ losses caused hy _Isa!ine_ent of the
inlet with the incoming flow were smal_ for the propeller-
installed condition, Ths grcstor losses with the
turbulent-flow baffles than with the comvention_l baffles
were probably caused by the obstructions to the flow in
the vee presented by the inbos.rd parts of the turbulent-
flow baffles. The magnitude of the losses at the b_gher
inlet-_elocity r_.._os emohasizs ths n._:-_edfor large _Tets
for installations of this engine in low-s_qeed a_(rcraft.
Losses ahead of the oil cooler could be reduced bTFusing
larger ducts.

I__}ct!:ng__eff_en_ I. - The ducting efficiency of the
cowling expressed as the relationship of the _ressure

droo across the heat exchan[er I_l_) to tide [)ressure

drop across the cowling (H i - _) is shown in figure 37

for ranges of engine and oil-cooler pressure drop. Con-

figurations Ie, Ila, and l!c with the conventional baffles
had maximu]_] engine/duct oressure-dro9 tatlos of about 0.$ 5

compared to 0.70 for configuration I_la with the turou_ent-
flow baffles, The maximum o_l-cooler-duct pressure-drop

ratio v._s a_.::,rox....ately O 95.

Outlet effectiveness.- The static pressure depressions

in the co_l exlts caused by ope_0ing ths flaps and shutters

are shov,_ in figure 35. Opening th._ engine aud oil-

cooler flaps reduced the e_:it static pressures by approxi-

mately O._7n._ an_._0.65qo, resoectively.,. The advantage
of u_i_:_g a f_sp0edexit Is shown b_:jcomnarisons of the

flapped--exlt and shutter-exlt curves; at the maxim'm_
shutter.-ex_.t areas the static pressures in the fi_pped

engine
O.2'6q and o!l-cooler, exits with the same areas wereend O.21q o less than the corresponding pressures
in th_ shutter exits. The increaseG effectiveness of

the flapped exits is further indicat:_d (fig. 39) by the

larger inlet-veloclty ratio for any given outlet area.
The rapid incre_se in _n!et-ve.loc._ty ratio with Tc is

noted in this figure.

Charts for predicting Exit Areas

To fac!llt_ *_,_e appiication of th_ pressure data,

engine and oil-cooler _ressure _rops are presented in

figures _.0 aod _.i as functions of Ax, a, and m



16 _.,_No. L5!12o

All available propeller-installed @ate were blotted in
the right portions of the figures regardless of angle of
attack ss this variation was obviousl F of second-order
!mportanoe_ the lines shovm were fslred through the
a : 7.9° points _aqd _r,_ouldbe shlfted up o_,TM down b2_,

changes in a, but would not be changed a_ppreclably _n

slope. _£he exit areas and flap angles required for engine

and oil coolJng in the steady flight c<mditions of this

airplane may be estimated from these figures by the re!-

lowing - '_ "r ec_oc as indicated on figure )60:

!. Locate the value of A-_P requ<ired for cooling at
qo

the TO for the flight condition .In the rlght-hand ]por-

tion of the figure end deter_ine --_ at T c = O by
qo

constructing a straight line through this point parallel

to the two tGst lines or through this point and the
intersections of these lines°

2. Locate the above-obtalned valu_ (A:P_P f,o__ To : O)

_t the flight angle of attao!_ and dete_ine for
qo

= ,.5 ° by construct1_,g a line through tl_s po._n_

parallel to adjacent test lines.

3 From the value o_ AD_ -_-' for a = 7.5 ° read the
qo

flap angle and exit area fro_ the curves in the left
,_ 4- .portion of the figure° As indic,_,ed on the c_._art•s,

allowance must be made for loss in flap effectiveness

caused by deflection of flsns ahead of or behind the
outlet under consideration.

Esti_ates of the required flap ancles and exit

areas based on the cooling-requirement pred!.ct[ons
•ol_e s e n-h _Q o_ ....rei_rer ..... I are, _.__,_ "_ _ _, shown in table VII r

It is noted that with the auto-rich t_ixture setting,
flap deflections of' 6 ° or !c,ss w_ il be sufficient to

Oj_cool the enj_ne cylinders with el ther type of baffling

in the high-speed, climb, an@ cruise c_nditions; opening

th_ flaps will oroduce sufficient additicnal oressnre

drop to cool the conventionally b_f£1ed engine with the

auto-l_an mixture. The negative e_ngine-cco!Ing-air
exit areas shown for the _axi_..um-enduranee-cru!se con-

diticn indicate that l_a_aga through the cowl joints

will be more than adequate to cool the engine at this

low power°
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Drag

Drzg studies based on force and press:ire m_asure-
m,_nt.s ".:_el_econducted throughout the investigation to
assist _.n_the develoo,_emt of an optimu_ _na..__"'_no installa-

ti on.

Force messurements.- A su._.r_ry of the ,)ropeller-removed

force data, table IX, sho_:s that substant'.a! r,)ductions

in drag for the high-speed attitude _-.ay b_ yealIzed by
rJii._orr,:o:_if_cst[ocs to the installation. (r'i'_ures._, ilius-

tr_tin_ the t,_st o_-_ndlt!ons of the m:._del arc listed in
the ta_.Le.) V'ith the exhaust st_ick shrouds _led drag

coefficient increments cherseable to the Inst_llation of

the in'_i.vidu_l and _an.ifolded e_laust st_cks ,d.th hori-

zontal f!a*_e d_?ers ,xere 0.0021 and 0.0015, respectlw_ly,

compared to 0.0007, O.O00h, ai_d 0.0003 for the manifolded
stacks with vertical flame dampers, the man!folded short

st_cks, _n_.d the m anlfolJed fl,_st s*,acks. Leakage from

the external .ore_sure-box an,d cowl joints and from the

accessory-comoarb_:_nt ezit gap at the cov,l-flrewall

Juncture increased khe drag co._ff.icieut by 0.0005.

Removing the NACA d.e6ig_ed falr!n% strip fro:7 the
accessory-compartment ezit g{p (fig. 17) increased the

drag coefficient by 0.0006 thereby _nd!cstlng the
effectiveness of this f_drlng in reducing sud 8irecting

the accessory-compartment flo%,. Substituting the flap
e_:its for the shutter exits decreased the dr:.g coeffi-

cient by 0.0007 in the fully closed condition without

decreasing the pressure droos ,3cross the ?_ng._.ne or oil

cooler; this drag increment is attributed ._n Dart to
the :._.oreeffective seals around the ed_ses of the flaps

and in ,Dart to the ellu_in_tion of the re,cessed surface
at the shutters.

from the preceding Ltems it appears ths.t an over-

all reduction in drag coefficient of sporoximately 0,00}_

can be obtained ',.nthe h_gh-speed con<_.;tlon by.'. substi-

tuting the short exhaust stao!_s for tli@ _.n@ividue.l stacks,

sealing all external co-_;1 joints e_c_%pt th_._.tat the fire-

o "_,7 " _ rlg P iwall, in_ ....±_ tho fsi ng strip in th_-_ accessory

compartment ex_t, and substituting th:_ f!apo_d exits for
th_ shutter c_dts. This reduction in drag coefficient

•' ,h ° _ 0 ,'r'corresponds to an ._.ncrease i_7 _ga s'oe_c] - 5 miles per
hour at sea levol; reductions at an_ies of attack of

I° and _o corresoond res_.ect.:_ly i

_n the _*^ of -limb of aooro}_imc_tely .5!,feet nor ninute

and an increase in ._aximu_r, range, accord _._'_ to Diehl's
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range for_._nla, of about 7 percent. As indicated by the

calibration results, sizeable additional drag reductions

can orobably be obtained by sealing the front bulkhead

of the cowl to eli_inate the large amount of leakage from

the cle_rar_ce between the spinner and the cowl.

?:ith the flush fla_oped ezits, the short exhaust

st_cks, all seals removed, and the firewall fairing strip

removed, the over-all drag coefficient incr,_._ents above

the sealed and faired coneition were 0,0022, 0.0029_ and

0.0025 fe1_ configurations !Ic, Ilia, s.n_ lVa with the

conventional, turbulent-flow, and _._ixed baffles, respec-

tivelT. _!'ith ooen flaps corresponding over-all incre-

_r.ents _,_-_,,._o.00oo, n...0073, m_d 0.0071. _-'nce the avail-

able entwine oressure drops for the three baffle configura-

tions were of the same order, the sa!ection of the baffles

for this a__r_olane should be based exclusively on cooling
considerations.

Internal _r,a_.- Internal coollng @rag ccefficients
_. . .L(flgl-]J_2) were co_pu_ed fro_ the total orsssure loss

•through the cowling and the we: o.....__nt flow of coaling a_r

by the follow!ng ex_._ression rcarr_u._,..o. ... iorr,_ r:_re-
sented in reference 6:

WVo i - Po (_" _ _r-,

gqos qo -

The .... _ _o.m_,:_rences in over-all pressure !oss,._s _'or the t_oree

baf_]_e configurations were cou_t_roalsnced to such an
extent by chang]s in the internal flow th,at only one line

could be faire6 through the calculate@ oo!nts. At the

TO = O,O57, the l...._....__high-speed oonditton, _ ._-_" .... ] drag

coefficients for the _ng,-'ne- _no__ oil-cooler ducts were
0.0021 and 0.0002, r_spectively. Corres_ponding internal

drag coefficients at the c!_u-_ondit_or, Tc = 9,26;

were 0.0!12 and J.O05l. Tt is interesting to note that

the sum of the calculated internal drag coeff_clents
for the closed-Flap conuition (L;.OOP__) was of the same

order es the prooe!l._r re_,o ......diffe..____.,ea in ..i_':,_,c,coef-
ficient between the comoleta installations and the

sealed snd faired baste shaoe,

=

n :z
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Co._perlsons of the r_e_sured and oa.!culated dreg
In Oil .... _:_" ..e.:,_l_s caused, by o_er.lng the. e_lts to Increas_ the
ooolins-slr pressure d_mos are oi,_ser.,t._d in *"igu:re ]+3
ff'c_ecalculated internal 6rag coefficients were so,z,e,_,,bat

hlgher., than the ,neasured o_,,"_-_-a]!' inc_,:.amec,t s !part! y

because of hhe decrease _n leakage v,.}-!,c-_- took pl_.cc as

the intornal static prar-'suros decr_,ased v:ith ircreas_s

iu t.he internal flo_,_,. For a giv:_n .......,r...._sse _.n' pr_ssure
drop, the increase i_ drag ooeff_,_ciemt v,iss ne_"-rl_7 the
same for exits e_ulpped _,1. tl_ shutters or flaos.

Surface !_ressures

S_Irfsc_ pressures were meesured at the r_sht side
a inrz at the inlet of the cot:ling orimariiy to obtain 8_ta

on the air loads _:,:x_on the s.tatic _,ressures at th.e cooling-

air exits. Extra.?olatlons of the pressures to h].__ Ysoh
• ._ _,":-1T,__"nu._.bers were ma£e b use of the yon ............ ret.ationst_ip

given in refere_ce _.

Pressures me,_ured,:_ along the r_ght aide _f the sealed

_nd faired cov_lln..T e_e presented i_n figure !4J_.,.,i't_e

stati.z oressure at the engine-oeoling-air.e.xit was less

than the free-stream stat1o :_ressure whereas at the oil-

c,",oler air exit, it _,,as equs_] to or slightly greater than

this oressure. Chnnf.'!ng the angle of attack ?ro__ -].,5 °
to I] ..... 2 ° cn'ased ]ftt].e cha_ge _n the 'r".--essures a.t t.,:_:e""
exits, i(ov!:_g, the ",_,ing 20 in:'.hes for.,,,_,ard to ,_orn?orm
with a design change _ac_e suoseq,._ent to ecnstr, uction of
the model _,,_ou!dc,=a_o,_only s,'_e,]___._.-b'_nge_,.._ ....In _'-me static

p_<_ssures at the exits _nd co::_s.t%<".entlF would not e_ffect
the ao:)l:lcetfon of the test, results,

Surf see pressure distrloutions st: the o,__._,_],inlet

with orooeller_,, remo\:ed are _-,_-,r,_,_.,_,_,_s figure }15; Inlicated

critical Y_ch numbers corresoo_ding to these data are

___s_-,"ted_..,_= in ft;_'ure,_. _6, . P_a_,-_.,. neg_t.i._e pressure.s on the
lips decreased with ]ncrea:ses _ both inlet-_.e!octt,y
ratio and ang.:l_,of attac_. 9ressar.e oeaks an sezt!on C-C

reached a _raximum of -l.OSq o at a : -.)._.5° _'_th
Vi, Jo - 0,._,6 ,.,ut _:re only -0.,1_o f,.z. t_ ,,lo,_-.-.0_.ed

attitude, a = -1.5 ° , V_/V o : O.Sh.. '[hose )ress u_os
• _ _ , -_ " _g",_ " _ _" " ' _ _ " _ _ ' '" "_ _7 'corre_,?on., to cr_t.,.cal ,.,,a.A_ n._..bers ..z 0._ an.1 .,., _0

and critical s_eeds in s_.a-l,_v<l st_nd:::r,l air of _12

and 5}3 _i_fles nor hour, respectlvel[,,. Such h_,gh indicated

critical spee<Is show t]:_at the cov,,l ]i.p shaoe (table Ill)

might be epplied successfu.]_ly to a high-speed a],r])lane.



2) :_'TRNo. L5 l12b

The eff<: ,_ts of' orope!!er ooe_=t_onq" on the _.... *':_,• " u "

"c,ressures at fhe _dv_l "nlet for the closed-flso _o_ _,ti_n

-- o .... _7 . _ositive pres_-ure seeks :nor, eased
w.itk:. Tc and also moved towar@ the ri&ht side of t}oe air-
olar_,e. ,._,o.....ve pressure peaks on the right ,sad _)ottom
si_es of the inla* de -_,osed ,,.'ithancresses in ....,_,7_

because of the • _ _,,,_,.e]ler but..__ ssure r_.se through t.tse......_, "_
. - "_l /x_ f,mai_!:} beo_."..se of the attende.ut increase in ,i/re. :_

somps_ison fn figures hS(c) and z,7 of t'ne oressures on

critical section C-C (for the hLgh-soeed_ inlet v,"_{ty,_._.J__
ratio of 0.5}..L) Shows thet o_op677er_:.... o-:,ers.tlon c_id not
result._, fn U,r.essure eha:r.f::es large _;_o.... "<u.,_h to alter khe....
critical ,.,.o.,.,h number as pre,.dicted from tn_ orooe!ier-
romoved tests.

',3b_e more /m:2o._t'a.n[ results of the in_esb.lg-_.tlen are
sumr,_arLzed s,s follows:

i. Ava_ lable pressure drops across the emgi_e and

or7 cooler of or_/_!._,al cowl ...._, . ,..oh.,.._guration Ta _ere ir:suf-

fic_ent for adeq:_ate cooling _n the n)rmel-po'."er c!i:r'b
cone:it!ore. Final cowl confjB/urations of the II, iIi_

and IV series, he,never, possessed ample engine and oil-

.... _ ...... "_' .5 "_oc,_oler p_'essure d.__o..... (_b_,ut 1 _ and ].gqo) for cooling
_n t,t:.Ls critical r,-, - ,"° _s ....._ of t ..... i:-',ree_ " "" ._i._ght ,,on.zition with _- _,'-" ' ;"
baffle cow,figurations tested therein.

2 The }',7 .... P7;_ _, _{,-_ .......exit area ,_as sufficient to cool

the engine in th,g high-speed conc:_!_tion in amy configura-
tion tea.ted; leakage alone wc)u].d fuznish ade,<Lu.ete cooling
in the maxl,.}_.tm-enduranoe-,zr_,tise ooiodl tlon.

_. 'Jibe ra_',ssat the carburetor 6ee_,- of the series iI

confieurations ',,'erel._q ,and 2.0]_< for the normal-
oov,,er, h_-spee_,__ a and c_!,i_b cor.@,'c_o°s, r_s_e-,_t_vely,_ , -

correspondin_ critical altitudes _f the alr21ane in
standard air. are e,bout 9900 feet ,_na 9000 feet based

on the <;ngine critical altitude of OOOO feet.

]_ m_e f!a..on,:_ exits erod_}cc_d h_duer oressure dro:os

a,_d_-, h_ -_ !ovsr drags at equal pz'essur'e drops than the
shuLter e_its,
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5. In the normal-po_er c!i:<b conclltlon (flaps open):

to). ,_emoving.. the e_._._aa-_:_' st-st},_ck shrouds .In;Poased

. _-, ._ _ . .Ouq o•rise engine an._ _i]-coo!er p.e._sure droos by 0 .4

arid O.O0,q , respectively, but increased both the

charge-4r _nd cooling-sir temoeratures by co Fo

, ,) c._a!ing the accesso:y-compa..L.en_ e_.,:zt gap
at the flrewall in_ _ .......... _ '__':r........_...._1,.eaccesso.}-co,,h___rt.,._. :t
temperal.ure by 15 ° F.

(c) Removing the vsnes from the ebglno-co._l._r_-

azr _:,_ ts coursed little_ .:._-. ..cab._ ,._,,r,.-_:.se
in e_:,_ine_ ore._,ur_., drop,

{-. A ram of 3"3 inches of water at the generator
blast-t_oe f]I._ln,.me ".ua_] _ttaLr, ed in the cli,.b _.t-.,, I[ .......

Dower condition by lo,.at...n._the L,, _t £ube inlet at the
_'ear of the orgssur_e bo_. shove the carburetor duct.

._.i_.-_'_'_-btrois ram was less th-_n tk_e Navy re_/uzrement,

the i)ressare dp0r., across +,;he f:.ererator furnlshed air
flew in excess oz' theft specified by the engJ.ne ::_sz_.uf_,c-

7, As _nd.:cated by grour_d-st.c, nd csllbrstions, leakage

from t_e externs.l cowl ,,ioi':f,s_.,,, in the.,,._"t).igh-_,p.._d f'].igbt
con_.i.tion wet:l<] be a l._:-._e r,er,_,._:_,L,'--:;-_e _.,f the en_i.i.:e

coolinc:- ai.:_ flo;,,,,

_. At a =-1.5 °, a oropel!er-re:::eved drag-coerficJ_emt

ir',croment of O.O011 was oause:g. ,_y leaksge through the

pressure-box jo_nts_ the cov,l jolt:is, and the cow].-fire_._za!i
cl _''_,,:,r_.n__.e . ThLs inc:'.s_ent :::as rc_d_:ced to O, _005_ b_ an
NACA designed faf_'inj, strip _;hich blocked part of the

flow ard directed the r_._.-..nd_r mo.r.: nearly para].iel to

the fuselage.

9. At a = -I. 5 and w__th the ex_aust-stack shrouds

se_!ed, the @rag coefficients for- ezbaust stacks _jith

indlvidus! snd mini folded horizomtal-z:_,_:.uta'!!-ty]0e flame
d_.m,..rs_,_-_v,_e_ 0.0021 and 0.0015 co:_:oared to O.O001,. for

m_.nifolded short stacks and 0.0007 for _anifolded stacks

equi:)oed v;ith vertical-fishtail-type flame (.amoer.

]_0. Yinor model modifications in_icated by the drag

tests would result at se_ level iT_,.so,2roxi:_:ate increases

of 5 z_:i].es per hour in high speed, _[t .feet per mli:ute in

rate of climb, and 7 percent in ::;xL:,um range.



I!. The over-all drag coefficient was essentially
Independemt of baffle config_:_ation.

12 Tn %,heoropeller-removed condition _,t _ : -i 5°
_xn . ,the ch_ag co.,._ficzents for configurations IIc, IIie, and

IVa with closed flaps, short exhaust stacks, and no seals

were _.,,u,c__ to 0 0029 greater than that for th,e sealed
-........_. basic sha,oe. These increments were of the

ss._e order as those for the calculated internal dr_-gs.

!5_ Yeasured thrust coeff'c -_-".... ]...._nts for the climb

condition tests were consistentlj less at military power

than at I_orms.l power possiblTf because of propeller ti_o

losses or the decreas_ in V_/nD. IncPee.ses in the pro-
U

pellet gear ratio or moG_.fications to the oropeller.... '_,_:_ht

result in over-all increases _n -airplane performance at;
m!.lit_r _; o o_,.'er_. , j

]I_ ro_, the h_'_ _.d _"_,,_-,_ .... con_ztiou, the _n,d[cater_
cr_tlca! _._a_h rottuber of the _.r_ta].iation as deter_ined

by the 1_eg_[.ive _)ee._ oressur_ o_. the lower li[:,of th.e

inlet was 0.70.

L_.ngley .........._,'em_'_slAeronautical Taborato_v

E:_,ional Advisory CommtL, tee for Aeronautics
;;'o i__ V_.Lang I ey .. i,-, ,
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TABLE I.- KEY TO MODEL CONFIGURATION AND DATA PRESENTED

Config- Sym-
uration bol

II

III

IV

IYlstinctive engine and
cowling components _netalled

a

b

C

d

• ©

[]

Substituted componentl

Conventional baffles
Shutter oxlts
Exhaust stacks with horizontal flame

dampers and shrouds
Original oil-cooler ducts

Exhaust stacks with vertical flame
dampers and shrouds X

Modified oil-cooler-exit duct X

Modified oil-cooler-exit duct with X
vane omitted

Modified oil-cooler-exit duct, vanes X
installed in oil-cooler-inlet duct

Conventional baffles

Flapped exits
Exhaust stacks with vertical flame

dampers and shrouds
Vaned oil-cooler-inlet duct

aData

presented

Pres sm_Force

X

X

/_ Short exhaust stacks with shrouds

Turbulent flow baffles

Flapped exits
X Short exhaust itacks with shrouds

Vaned oil-cooler-inlet duct

X

X, Y X, Y

Flush exhaust stacks with shrouds ....

Y

Turbulent flow baffles onright bank mixed
NACA-designed baffles on left bank baffles
Flapped exits
Short exhaust stacks with shrouds
Vaned oil-cooler-inlet duct

X

Y

X, Y X, Y

X, Y X, Y

+

e V

Short exhaust stacks without shrouds Y

Individual stacks with horizontal ....

flame dampers and shrouds

i...
Exhaust stacks with vertical flame

dampers and without shrouds

Short exhaust stacks without shrouds

Flapped engine-coollng-air exits
without vanes

ax Propeller removed.

Y Propeller installed.

Y

X

X

Y Y

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- SUMMARY OF DUCT AREAS.

(Measured perpendicular to flow)

Item

Cowl inlet

Carburetor-duct inlet

Carburetor deck

Oil-cooler-duet inlet

Oil-cooler face

Oil-cooler-duct exit:

(a) Original shutter exit (configurations la, Ib)

shutter closed

shutter open

(b) Modified shutter exit (conflgurationsIc, Id, le

shutter closed

shutter open

(c) Flapped exit (configurations II, III, IV)

flap closed

flap open

Engine-coollng air exits:

(a) 8hurter exits (configuration I)

shutters closed

shutters open

(b) Flapped exits (configurations II, III, IV)

flaps closed NATIONAL ADVISORY
COMMITTEEFORAERONAUTICS

flaps open

Are a

(sq f_)

i._4_0

0.222

.219

.357

• o19

•200

1-
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M'%
!

.y' _ J +Y

= Left

a ,'de

_# "------+Y

3ecflon B-B

__Thru_f i�

Sec#_ C__.1/ ,,

.40R
I

ORIFICE LOCATIONS AND COWL

CONTOURS AT INLET.

Sec$ion A-A

x ] Y
22.92 ig. 43
16.21 16.82

13.87 15.97
11.96 15.05

7.72 12.gS
6.02 11.94
4-. 3_ lO. 79

2.94 9.49

1.68 7.S7
•76 6.12

.20 4.19
O 2.19
o .17
o -i .g2

.14 -3.8_

-7.51
2 96 -9.09

42 -i0.35

6 13 -II. 4-0

7 89 -12.35
ii 26 -13.88

13 24 -14.74
15.53 -15.65

22.21 -1y. 15

Section B-B
(rlzht side)
X I Y

1 82 0.07

93 -.21
45 - 36
15 - 29
Ol - 06
o8 34
30 7s
93 1 59

1 65 2 29
2 47 2 s9
4 25 3 91

6 06 4 70
7 99 5 30
ii .83 6 14

15.76 6.7s

Section B-B
(lef_ side)
× I X

I .g9 "0.17
•98 -.31
.4-o -.39

• 17 -.31
•Ol -.04
.11 -.26

•34 .63

1.04 1.38
]-. 76 2.03
2.61 2.62

4.42 3.59
6.32 _.34
7.76 4.74

16 5_ i

Section C-C

X I Y.
1.63 -0.15

•63 -.39

.15 -. 35

.02 -.14

,02 .Og

.33 .54
•69 •85

I.05 i.i0
1.41 i. 30
1.92 ]-. 55
2.35 1.75
3-26 2.08
5.2]- 2.58
7.19 2.93

ii .66 3.59

15 .8g 4.12
19.40 4.42

Note: All
dimensions in
inches. Each
coord thate looates
a ]_x_Ssl/re tube,

NATIONAL ADVISOI_Y

COMMITTEE FOR AERONAUTICS
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TABLE IV.- PRESSURE TUBE INSTRUMENTATION

Location

cowl inlet

pressure box (in plane of
number 6 cylinders)

engine vee (in front of
barrels and heads)

between head fins

behind barrel baffles

engine-cooling-air exits

generator-blast tube flange

carburetor-duct inlet

carburetor Bcreen

o_I cooler_

duct inlet

front face

rear face

duct exit

inlet lips

right flank of cowl

Number
of

tubes

19

9
6

28

2A

14

14

18
12

38
6

12

3
6

16

15
3
6

16

71

31

Type of
pressure tube

shielded total
static
surface orifice

total

-do-

-do-

total facing baffle

shielded total
total

static
surface orifice

total

-do-
static
surface orifice

total

-do-
static
surface orifice

total

open end facing rear

total
static
Jurface orifice

-do-

-do-

Referemoe

figures
and table

3(a), 19, 29
Do.
Do.

3(a),29

3(b),6(_),29

5, 29

5, 6, 29

16(@), 29
29

16(c),29
DO.

21

Do.
Do.

DO.

3(b), 29
Do.

Do.

16(c),29
DO.
DO.

table III, 45

44

NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS
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TABLE IX ._ SUMMARY OF PROPELLER-I_/t_OV_D DRAG DATA.

(Measured at a Reynolds number of 5.3 x 10 6 based on the mean aerodynamic chord)

Successive modifications to model

Model _ompletely sealed and faired (conventional

baffles on cylinders)

Inlet opened and seals removed from engine-

coollng-air exits (shutter type)

Seals removed from oil-cooler exit (shutter

type )

Exhaust stacks wlth horizontal flame dampers
installed

Exhaust stacks with vertical flame dampers

Installed

Seals between exhaust stacks an_ shrouds removed

Seals removed from external pressure-box Joints

Seals removed from external cowl Joints except

at spinner, firewall, and ed_esof shutters

Seal between cowl and flrewall removed

- !

Fairing strip removed from flre,all clearance

Oil-cooler-exlt shutter opened (Seals

removed from edges)

Modified oil-cooler-exit duc% installed

wlth shutter open

Vane removed from oil-cooler-exlt duct, vanes

Instal_ d in oil-cooler-inlet duct, seals

removed from edges of en_ineLair snu_ters2
oil-cooler shutter closed

All snutters opened

Flapped exlts installed (flaps closed)

AII flaps opened

Flush exhaust stacks installed, flaps closed

Model restored to original condition, turbulent-

flow baffles installed on cylinders

Inlet opened, all seals removed except at

spinner and exhaust stacks, flrewall fairing

strip removed

Short exhaust stacks installed, shroud seals

removed

__JAil.flaps opened

NAOA-designed diffuser baffles installed on ieft

bank cylinders, exhaust-stack shrouds sealed,

flaps closed

AII flaps opened

Mocked-up individual stacks with horizontal

flame dampers installed, flaps closed

Exhaust stacks with vertlcal flame dampers
installed

aACD

Conflg- Illus-

uration trative _ = -1.5 ° c = 3 ° I = 7.5 °

figures (High- (climb

speed _ttltude)

attltude_

_ _ 2(a) ............

3(a)
-- 16(a) O.0008 0.0009 O.0010 O.OO11

-- 16(a) .OOO0 .OOO0 .OOO1 .0002

la _(a) .oo15 .oo09 .ooo7 .ooo5

Ib 8(b) -.00Ca -.oo03 -.oo02 .oooo

-- 9 .ooo2 .oooi .oooo .ooo0

-- 8(a) .OOO1 .OOO1 .OOOO .OOOO

-- 2(a) .ooo2

-- 16(b), I_ .OOO2

-- 17 .OOO6

-- 15 .ooo4

le 12 -.oo0 3

Ie _, 13 .OOO4

Ie 15 .OO17

I Ia 16(b) - _0007

IIa 16(c .O0_6

lib T -.OOOW

2(a), 5,

-- 9, 17 .0023

Ilia 8(e) .O006

IHa 16(c) .oo_

6(d),

Ira 6(e) -.OO06

Ira 16(o) .OO46

IVc 8(d) .OO17

IVd 7, 8(b) -.OO1_

11.2 °

Max. endur.

K_Oe sI_/Isa

attitude)

-_ _

.oooi .oooi .oooi

.ooo2 .COOl .COOl

.ooo6 _.999_ ,ooo4 __

.ooo_ .ooo5 .ooo4

-.ooo3 -.OOO4 -.OOO_

.0002 .0001

.oo1_ .O016

-.ooo6 !-.ooo3
.oo46 .oo_5

-.coo& -.ooo3

.0001

.oo14

-.0003

.oo45

-.ooo_

.0021

.OO06

.oo39

-.00o4

.us4)

.oo15

-.oo13

.oo19 .oo19

.ooo6 .ooo6

.0042 .0039

-.ooo_ -.ooo_
.oo_ .oo_3

.oo17 .oo17

-.oo1_ -.oo15

a Non-lndented values are the drag coefficient increments between successive non-indented model conditions.

Indented values are based on the respective preceding model conditions.

NATIONAL ADVISORY

COMMITTEE FO_ AERONAUTICS
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(c) Front view; propeller installed.

Figure 2.- Concluded.
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(a) Conventional baffles (installed on outboard side of cylinder only).

Figure 6.- Baffle installations.
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(b) Turbulent-flow baffles, inboard view.

Figure 6.- Continued.
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Manifolded vertical-flame-

damping exhaust stacks

Manifotded horizontal-flame-

damping exhaust stacks

/

Individual exhaust stacks with

horizonlol flame dampers

NAIIONAt ADVISDRY

COMMIIIEE FlailAEBONAUIIC$

FIGURE 7,- EXHAUST STACK CONFIGURATIONS
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(a) Mild-steel stacks.

(b) Stainless-steel stacks; flame dampers stiffened with beads and

braced by cross struts.

Figure I0.- Views of vertical flame dampers which failed during testing.
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Figure iio- View of rear face of oil cooler.
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Fig ure /3.
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Shutter exits

(Configurot ion I o)

Flop exits

(Configuration TlrC)
NATIONALADVISORY

COMMI_IEE FU6 AERONAUIIC$

RGURE I5.-COOLING-AIR-EXIT CONFIGURATIONS
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